T HE CARDIAC ACTIVATION normally arises in the head of the sinus node' and the relation of the right atrium to the left determines the direction of the P wave in lead I: the P wave is upright in normal subjects and in dextroversion of the heart, whereas the P wave is negative when the atria are inverted as in mirror-image dextrocardia. The direction of the P wave in lead I has generally been considered2A6 as diagnostic of the position of the atria; this concept has been reinforced by the fact that concomitant atrial hypertrophy usually does nlot alter in a significant manner the projection of the resultant atrial vector on lead 1.7 Even in the presence of nodal rhythm the direction of the P wave in lead I has been believed to be a reliable indication of atrial position.8 9
T HE CARDIAC ACTIVATION normally arises in the head of the sinus node' and the relation of the right atrium to the left determines the direction of the P wave in lead I: the P wave is upright in normal subjects and in dextroversion of the heart, whereas the P wave is negative when the atria are inverted as in mirror-image dextrocardia. The direction of the P wave in lead I has generally been considered2A6 as diagnostic of the position of the atria; this concept has been reinforced by the fact that concomitant atrial hypertrophy usually does nlot alter in a significant manner the projection of the resultant atrial vector on lead 1.7 Even in the presence of nodal rhythm the direction of the P wave in lead I has been believed to be a reliable indication of atrial position.8 9 Our experience suggests, however, that the diagnostic value of these criteria has been overemphasized. Recent observation of a patient with dextroversion and proved normal atrial position who presented permanently negative P waves in lead I10 prompted a study of atrial activation in 22 patients with clinical diagnosis of mirror-image dextrocardia. This study revealed that in 14 cases, or in 64 per cent, the P waves were positive in lead I; in all but two of these patients the inversion of the atria was established by angiocardiography, surgery, or both. Further observation demonstrated that the discrepancy between the direction of the P wave in lead I and the atrial relationship is not limited to dextrocardia and may also be encountered in patients with normally placed hearts.
The purpose of this report is to present 12 patients writh congenital heart disease, eight with dextroeardia and four with normally placed hearts, in whom the direction of the P wave in lead I has been intermittently or in some cases permanently opposite to that expected from the position of the atria. Another finding present in all of these patients was an abnormal configuration of the P waves in leads facing the right atrium. These unusual P waves which show an initial smooth, lowvoltage deflection followed by a sharp, higher peak have been called "dome and dart'" P waves. Such P waves were observed when the pacemaker was ectopic and were not seen during sinus rhythm. Initial activation of the left atrium has been thought to be the major factor causing these unusual features. Since the existence of left atrial ectopic rhythm is not well documented in the literature, and since the "dome and dart" P waves have not been previously reported, it is hoped the present communication will contribute to a better knowledge of this apparently infrequent form of arrhythmia and to its significance in the clinical diagnosis of the position of the atria.
LEFT ATRIAL ECTOPIC RHYTHM of atrial activation in a series of 22 patients with a clinical diagnosis of "mirror-image dextrocardia" of whom 21 had associated situs inversus. The four examples of left atrial ectopic rhythm in subjects with normally placed hearts were observed during the first months of 1962 after the significance of the "dome and dart" P waves was already known.* Complex cardiovascular malformations were present in all these patients; these, together with other relevant clinical data, are tabulated in table 1. Special efforts were made to establish the position of the atria. Since no autopsy data were available, the criteria used were those of Keith :11 the atrium draining the venae eavae was considered "right" or systemic venous atrium, and the atrium receiving the pulmonary veins, the "left" or pulmonary venous atrium. Some difficulty may be encountered in the identification of the "right" or systemic venous atrium in dextrocardia because of the frequent finding of bilateral superior venae eavae and less frequently associated absent inferior vena eava.5 In the present series bilateral superior venae eavae were demonstrated in three patients (no. 2, 7, and 8). In two patients (no. 6 and 7) the inferior vena eava was absent. It is of course possible that the incidenee of systemic venous anomalies was actually higher than demonstrated by the studies undertaken. The details of the method of angiocardiographic analysis in these patients are the subject of a separate communication.'2 Angiocardiography, venous or selective, was performed in all patients. Clear demonstration of the venae eavae entering the right atrium, and thus of the position of the right atrium, was obtained in 11 patients; satisfactory visualization of the pulmonary *One additional patient with mirror-image dextrocardia and similar electrocardiographic findings was observed in the total series of 22 patients but was excluded from this report because of the poor technical quality of the tracings. Another example of left atrial ectopic rhythm and "dome and dart" P waves from a patient with a normally placed heart was obtained after this study was concluded. In both instances the position of the atria was proved.
Circulation, Volume XXVII, May 1963 veins and of the left atrium was also frequently obtained. Additional evidence of the position of the atria was obtained at right heart catheterization in six of the 12 patients. On the basis of these findings patients no. 1-8 had atrial inversion, the right atrium lying in the left hemithorax, and patients no. 9-12 a right atrium normally situated in the right hemithorax. In case 11 the position of the atria has not been confirmed, but has been assumed to be normal, since neither dextrocardia nor situs inversus was present.
Electrocardiographic Data All the electrocardiograms were recorded with a two-channel direct writing electrocardiograph (Sanborn Twin-Viso Recorder). Unless otherwise specified, the amplification used was that of 1 mV = 1 cm. The routine precordial leads, including the right chest leads in mirror-image dextrocardia, and frequently also the standard and the unipolar limb leads, were recorded simultaneously with lead I; this technic was found to be very helpful for the detection of changes in cardiac pacemaker during the recording. All the available eleetrocardiograms were reviewed and for each patient one tracing with ectopic rhythm and one with sinus rhythm were selected for a more detailed analysis. In the selection of the two records consideration was given to the technical quality of the tracing and also to the date of the recording in an effort to reduce the time interval between the two tracings. In two patients (no. 4 and 7) the tracings with sinus rhythm were incomplete as the ectopic rhythm was present more or less constantly in all the recordings. The relevant electrocardiographic data are presented in table 2.
Direction of Atrial Activation
The eight patients with mirror-image dextrocardia and proved atrial inversion were considered to be in sinus rhythm when the P waves in lead I were negative and the P-R interval lay within or above the normal range ( fig. 1 ); in these records the spatial direction of atrial activation was to the right, downward and, with one exception, forward. The mean frontal P wave axis was between +135°8 6MITROWSKTI, NEILL, TAUSSIG and +1650 and the range of the mean hori--ontal P wave axis was between +130°and --170°( fig. 2 ). The four patients with normally placed hearts when in sinus rhythm had a nmean frontal P axis between +50°and +60°a nd a mean horizontal P-wave axis between +200 and +60°(fig. 2); the P waves were positive in lead I ( fig. 3 ).
When the pacemaker was ectopic the course of atrial activation was always to the left and forward in patients with atrial inversion and to the right and forward in those with normal atrial relationship. The spatial mean P vector was directed downward in seven and upward in the remaining five cases. In contrast to the findings in sinus rhythim, the range of the mean frontal P axis was particularly wide. between +80°and -80°for the group with atrial inversion, and between +150°and -150°f or the group with normal atrial position ( fig.  2 ). In the horizontal plane the mean P axes have a particularly narrow range; it was be-Circulation, Volume LEFT ATRIAL ECTOPIC RHYTHM 867 tween +50°and ±80 in the first group and between ±1000 and +130' in the second group ( fig. 2 ). WShen ectopic rhythm was present, the P wave in lead I was upright in cases with atrial inversion (figs. 1 and 9) and negative when the atria occupied their normal positions ( fig. 3 ).
Atrioventricular (AV) Conduction Time
The P-R interval and P-R indeX'3-13 were compared when the patients were in sinus and in ectopic rhythm. A definite decrease of the AV conduction time on the tracings with ec-topic rhythm was noted in five of the 12 cases (no. 2, 3, 5, 11, and 12) : in none of them, however, did the values fall within the range usually encountered in nodal rhythm. In the other seven eases the changes were slight: in three cases (no. 1, 4, and 6) the AV conduetion time decreased slightly, in two it increased (no. 8 and 10) and in two (no. 7 aild 9) no changes were observed. Seven patients (no. 5, 6, 7, 8, 10, 11, and 12) exhibited both ectopic and sinus rhythm on the same tracing and only two of these patients (no. 5 and 8) showed a clear decrease of the AV conduction time with the onset of ectopic rhythm. This is illustrated in figure 4A in which the P-R interval decreased from 0.13 to 0.10 second and the rate increased from 97 to 103 per minute upon change to ectopic rhythm. In two patients (no. 7 and 10) first-degree AV block existed when left atrial ectopic rhythm was present.
Heart Rate
There was no evidence that the inherent rate of impulse formation in the ectopic focus was slower than in the sinus node; indeed, the slight variations were easily explained by physiologic factors. In six of the seven patients who demonstrated both ectopic and sinus rhythm on the same tracing due to spontaneous or induced conversion, the heart rate was virtually the same in both rhythms, that is, the variation in rate was less than seven beats per minute (figs. 4 and 5). In one patient (no. 11) the heart rate decreased by 15 beats per minute when the pacemaker shifted to the left atrial focus. "Dome and Dart" P Waves These abnormal P waves were present in all 12 cases when the pacemaker was in the ectopic focus and were not observed when the pacemaker arose in the sinus node (figs. 1 and 3). The configuration of these P waves was very characteristic: they were bifid, with an initial smooth, low voltage component, followed by a high, sharply peaked component; for this reason they were called "dome and dart" P waves. In eight cases without concomitant atrial hypertrophy ( fig. 6A ) the amplitude of the first component ranged between 0.1 mV and 0.2 mV, and that of the second ranged between 0.22 mV and 0.45 mV; the most frequent ratio between the voltage of both components was 1:2.5. The distance between the summits of the two components (the "peak interval"), in the absence of atrial hypertrophy, ranged between 0.03 and 0.05 second with a mean value for eight cases of 0.42 second. In (fig. 6B ). In three cases (no. 8, 10, and 11) when signs of left atrial enlargement were present, the first component increased in size to such an extent that the amplitude reached two thirds of the amplitude of the second component and the "peak interval" ranged between 0.05 and 0.06 second ( fig. 6C ).
These "dome and dart" P waves were best observed in precordial leads facing the right atrium, namely, V2 in patients with mirrorimage dextrocardia and V1 in patients with normally placed hearts; in some instances these "dome and dart" P waves were also observed, though less distinctly, in leads II, III, aVF, VI, V3, and V4.
Induced Changes in Location of the Atrial Pacemaker
In six patients (no. 5, 6, 8, 10, 11, and 12) a deliberate effort was made to induce changes in location of the atrial pacemaker. It was MIROWSK1, NEILL, TAUSTSIG usually possible to convert a sinus rhythrm to an ectopic rhythm or an ectopic rhythm to a sinus rhythm. The Valsalva maneuver was frequently effective ( fig. 7) ; changes in rhythm were also obtained by applying ocular pressure (figs. 4A and 5) or by exercising the patient (fig. 4B ). The new rhythm obtained by these maneuvers was transient, usually lasting only a few seconds or minutes.
Aberrant Ventricular Conduction
In two patients aberrant ventricular conduction was observed after changes in location of the atrial pacemaker. In one (case no. 11) this occurred when the pacemaker shifted from the sinus node to the left atrial focus, and in the other (case no. 6) when the ectopie rhythm changed to sinus rhythm as illustrated in figure 5 . 
Influence of Drugs
There was no evidence that a relation existed between digitalis and the ectopic rhythm under discussion, as only three patients were receiving digitalis therapy at the time of the recordings.
Discussion When the direction of the P waves in lead I is opposite to that expected from the relation of the atria, the possibility of left atrial ectopic rhythm should be considered. Rothberger and Winterberg'6 first suggested, more than a half a century ago, that auricular beats with negative P waves in lead I may start from the left auricle; this observation was confirmed experimentally by Abramson and Circulation, Volume XXVII, May 1963 associates17 and more recently by Abildskov and co-workers. 18 Rothberger and Sachs'9 also demonstrated that under pathologic conditions the left atrium can initiate and maintain rhythmic activity; these authors coneluded that, in disease, persistent atrial extrasystoles and tachyeardias may originate in the left atrium.
From a clinical point of view, however, the paucity of available information is particularly striking. Except for Bix's two reports20 21 the possibility of a left atrial ectopic focus has been mentioned only incidentally in order to explain an unusual direction of the P waves in a few particular cases.8 ' arrhythinias seldom discuss this subject. This is especially surprising, since Katz and Pick24 have stated that minute collections of nodal :nusele fibers are scattered in the subendocardium of the atria constituting potential tertiary pacemakers of the heart (the names prinary and secondary pacemakers being reserved for the sinus and AV node, respectively).
The location of the ectopic pacemaker in our series is of great importance. It should be pointed out that the electrocardiographic findings of these patients do not fulfill the usual criteria for AV nodal24 or coronary sinus rhythm.25 26 The mean manifest frontal P axis did not fall in the range of these rhythms and only in five of them were signs of retrograde atrial activation present. Indeed, no unifornm pattern of shortening of the P-R interval was observed wlihen the ectopic rhythmn appeared. The P-R interval was never extrenmely short and in two cases a definite prolongation of the AV conduction time was noted. Further-more, there was no significant difference in heart rate between the sinus and ectopic rhythms and in the seven cases when both were available for analysis on the same tracing, the rate virtually did not change or even become faster when the pacemaker shifted to its ectopic location. Moreover, vagal stimulation not only was sometimes effective in inducing the ectopic rhythm but also in other patients had the apparently paradoxical effect of interruptinig the ectopic rhythm and reestablishing a sinus mechanism (fig. 5 ).
The analysis of atrial activation in these patients suggests strongly that the ectopic pacemaker is situated somewhere posteriorly in the left atrium. In the four cases in which the atria were normally placed the axis of P had a left-to-right direction, and in the eight cases in which the atria were transposed, the direction was right-to-left; in other words, the progression of the depolarization wave was always consistent with spread from the left to the right atrium. However, the great dis-Circvdation, VQlume XXVII, May 1963 872 LEFT ATRIAL ECTOPIC RHYTHM8 persion of the mean P axes in the frontal plane, in contrast to their coneentration in a narrow sector when the rhythm was sinus (fig.
2) indicated that there is no preferential location for the ectopic pacemaker in the left atrium, although the anterior direction of the mean P axes in the horizontal plane inmplies that the focus of impulse formation is located posteriorly.
The presence of the " dome and dart" P waves furnishes support to the concept that the ectopic focus in such cases lies in the left atrium. Interpretation of the unusual contour of these P waves involves analysis of the sequence of atrial activation in normal and in pathologic conditions. When the pacemaker is located in the sinus node a physiologic asynchronism of 0.25 to 0.04 second exists between the activation of the right and of the left atrium.6 Although the normal P waves are mainly monophasic in shape, they are actually the result of two partially superimposed comtponents, the first related to the electrical activity of the right atrium and the second to that of the left atrium. Under the influence of various factors, as for exanmple left atrial enlargement or interatrial conduction disturbances, these two components may become easily distinguished and their recognition is of well-known clinical value.
If one assumes that the ectopic pacemaker lies in the left atrium, the first component of the "donme and dart" waves must be related Top. Conversion of sinus rhythm to left atrial rhythm following Valsalva maneuver in patients with normally placed heart (case no. 12). The "dome and dart" P wave appears in V1 simultaneously with inversion of P wave in lead 1. Bottom. About 15 seconds later the left atrial rhythm converts spontaneously to sinaus rhythm. The "dome and dart" P waves in V1 disappear as P waves become upright in lead I. Leads I and V1 recorded simultaneously.
Circulation, Volume XX VII, May 1963 873 to the initial activation of the left atrium and the second mainly to the activation of the right atrium. This assumption is supported by the fact that when left atrial enlargement is present, the first component was found to be considerably increased in duration and in voltage; indeed, its amplitude may be almost equal to the amplitude of the second component. F'urthermore, when right atrial hypertrophy was present the second component was increased markedly in amplitude ( fig. 6 ).
The first component of the " dome and dart" waves actually has nothing unusual in shape and amplitude and may easily be explained by the initial left atrial vectors. The second component is mainly responsible for the characteristic configuration of such P waves. This component is of high voltage, between 0.22 and 0.45 mV even in the absence of any atrial hypertrophy, while the amplitude of the P waves in precordial leads facing the right atriumn is usually below 0.1 and never exceeds 0.25 nmV.27 A tentative explanation for this high amplitude of the second component is presented in figure 8 . When the rhythm is sinus ( fig. 8A ), the right atrial forces, which are directed anteriorly and to the right, are counterbalanced by the left atrial forces, which poilnt posteriorly and to the left. The resultant mean P vector is thus directed to the left, forward, aind inferiorly6 (or to the right, forward, and inferiorly when atrial inversion is present). Under such circumstances the amplitude of the P wave in lead V1 is directly proportional to the magnitude of "a," which represents the projection of the mean P vector on the lead axis of Vl. When the pacemaker lies somewhere posteriorly in the left atrium ( fig. 8B) , both left and right atrial vectors point approximately in the same direction and the resultant P vector is of greater magnitude than when sinus mechanism was presenit. Moreover, this vector, which is directed from the left atrium to the right, is almost parallel to the lead axis of V1. Under these conditions the projection " b " of the mean P vector on the lead axis of V1 is significantly greater than the previous projection "a" and, consequently, a very high P-wave deflection would be recorded in lead V1 (or V2 in mirror-image dextrocardia).
Finally, the possible existence of intra-atrial conduction disturbances in the presence of left atrial rhythm should be mentioned. This possibility is suggested by the experiments of Abildskov and associates;18 in addition, local retardation of conduction in the left atrium has also been considered as the cause of the widening and notching of the P "mitrale. " 28 The " dome and dart" P waves seem to represent a characteristic sign of left atrial rhythm and to our knowledge have not been previously reported. However, left atrial ectopic rhythm with its "dome and dart" P waves is not merely an electrocardiographic curiosity; it is of definite clinical significance in the diagnosis of the position of the atria. In the presence of " dome and dart" P waves the direction of the P wave in lead I indicates atrial relationship in an opposite manner to that usually accepted: upright P1 suggests atrial inversion, negative P1 normal atrial position. In the absence of "dome and dart" P waves, the conventional interpretation of the direction of the P wave in lead I, at least in dextrocardia, may frequently be misleading in the diagnosis of atrial position. Since it is commonly accepted that in patients with congenital dextrocardia the position of the ventrieles may be inferred from the position of the atria and thereby the differentiation between dextroversion and mirror-image dextrocardia can be made, correct diagnosis of the position of the atria is of great importance.
Left atrial ectopic rhythm may also be the cause for the "confusing behavior" of the P waves in cases in which the "dome and dart" P waves were not seen. The failure to record such "dome and dart" P waves in some patients with dextrocardia, atrial inversion and positive P waves in lead I is in all probability related to the location of the pacemaker laterally or anteriorly in the left atrium. Indeed, under such conditions, the resultant atrial Circulation, Volume XXVII, May 1963 vector would be more or less perpendicular to the lead axis of V2 or might even project on its negative part and, consequently, no "dome and dart" P waves would be recorded. The failure to record the "dome and dart" P waves in some patients with dextroversion of the heart, normal atrial position and negative P waves in lead I10 may also be related to the increased distance of the right atrium from the precordial electrodes and to the interposition of the left ventricle and sometimes of the left atrium between the right atrium and the precordium.
The clinical significance of the "dome and dart" P waves is well illustrated by case no.
7. This 11-year-old girl had a cyanotic cardiac malformation with a heart that lay in the right hemithorax. Inasmuch as she did not 875 8MIROWSKI, NEILL, TAUSSIG have a situs inversus anid sinee the P waves over a period of years had been upright ill lea(l I, the diagnosis of dextroversioin witbl normal atrial positioui had been made. A review of her electroeardiogram ( fig. 9A ) showed, however, very strikinog "'domne and dart"' P waves in leads V2-V4. This led to the belief that the upright P waves in lead I were nmisleading and that she actually had atrial inversion with persistent left atrial rhythm.
An extensive diagnosis work-up confirmed that the patient has mirror-image dextrocardia and, furthermore, when admitted for cineangiocardiography, the P waves in lead I were for the first time tranisiently inverted, due to a spontaneous conversioni from left atrial ectopic rhythm to sinus rhyt:hmn ( fig. 9B ).
Froni a clinical point of view two features are noteworthy: first, all the patients had associated cardiac anonmalies, which were frequently of a comnplex nature. However, this observation may be merely a reflection of the type of patients referred to the Cardiac Clinie of the Harriet Lane Home. The seconid feature is maore specific: all patienits in this group demonstrated a remrarkable telndency to sponltaneous or induced arrhythnmias (table 2). On three occasions right heart catheterizationi or selective angiocardiography had to be discontiniued because of severe supraventricular taehyeardia. In some patielnts the clinical course had been characterized bv recurrent episodes of atrial tachyeardia; in onie instance (no. 11) these attacks were so severe that they were accompanied by synieope.
Summary and Conclusions
The P wave in lead I was uprighlt in eight cases of mirror-imnage dextrocardia and was negative in four patients with niormlally placed hearts, the atrial relationship being proved in 11 of these 12 patienits. The criteria for nodal or coronary silnus r1hytthni were not fulfilled and analysis of atrial activation suOgested that a left atrial eetopie pacemiiaker was lesponsible for these unexpected findings. All patients lhad associated eardiac mualform-ationis and suffered fromn frequelnt spontanieous or induced supraventricular arr:hythmias.
Further studv revealed abnormal P waves in leads facing the right atriumn (VL in norinally placed hearts, V2 in mirror-imaage dextrocardia). These P waves were bifid with an inlitial smooth, low-voltage component, related to the initial left atrial activation, followed by a high, sharply peaked comiponent, related nmainly to right atrial activation. Three patients with left atrial enlargement showed increased aiiplitude of the first eomponent; omne with right atrial enlargement increased amplitude of the secomid comnponent.
These unusual "donme and dart" P waves were not observed wheni the patients were iii sinus rhythmi; they appear to be characteristie of left atrial ectopic rhythm. In their presence, time direction of the P wave in lead I indicated atrial relationship but in an opposite way to that usually accepted: upright P wave suggesting atrial inversion; negative P wvave, norimal atrial positioni. They are preseimted as a exew amid, in our experience, valuable signi in thIe determination of atrial position wheniconventional interpretation of the direction of the P wave in lead I would lead to diagnostic errors.
